APPENDIX G
DATA SUPPORTING DETERMINATION OF | MPAIRMENT
THRESHOLDS FOR POTENTIALLY HARMFUL ALGAL
BLoOM SPECIES

Microcystis aeruginosa Effects Treshold

A substantia body of literature dedls with the negative effects of toxic cyanobacteria on the feeding,
growth, behavior and survival of micro- and mesozooplankton. Numerous studies have documented
the avoidance of ingestion of toxic and nontoxic strains of Microcystis aeruginosa by specific taxa of
zooplankton (Clarke 1978; Lampert 1981; Gilbert and Bogdan 1984; Fulton and Paerl 1987, 1988;
DeMott and Moxter 1991) while others indicate physiologica and behaviord problems associated with
theingegtion of Microcystis aeruginosa (Lampert 1981; Lampert 1982; Nizan et a. 1986; Fulton and
Paerl 1987; DeMott et d. 1991; Henning et d. 1991).

Fulton and Paerl’ s study (1987) indicated that a unicdlular Srain of Microcystis aeruginosa
(concentrations of 100,000/ml) was toxic to and failed to support populations of Keratella mixta,
Diaphanosoma bracyurum, Daphnia ambigua and Bosmina longirostris (arotifer and three
cladocerans, respectively). Other studies have shown additiond evidence of inhibitory effects of
Microcystis aeruginosa. For instance, Pendoza et d. (1990), showed that water-soluble fractions of
Microcystis aeruginosa were toxic to severa rotifers, a copepod and a cladoceran. De Mott et al.
(1991) showed that a calanoid copepod was more senditive to purified microcystin than the cladoceran
that he used in his experiments. Nutritionally, many zooplankton have been shown to grow poorly on
Microcystis aeruginosa because it lacks certain fatty acids (Ahlgren et d.1990). The results of these
dudies indicate a del eterious effect exerted by blooms of Microcystis aeruginosa on zooplankton
communities. Two studies were chosen in the context of deriving chlorophyll a criteria because they
used dengties of cdlsthat could be used to evaluate data from the Chesgpesake Bay Monitoring
Program and ultimately trandated into chlorophyll a concentrations. Without doing direct experiments
on inhibitory effects of the Chesapeske Bay strains of Microcystis aeruginosa on zooplankton
populations, certain assumptions of comparable toxicity were made for the purposes of the chlorophyll
acriteria derivation.

Numerous laboratory studies dso have documented the acute effects of toxins from the cyanobacterium
Microcystis aeruginosa on fish (Erickson et d. 1986; Rabergh et d. 1991; Keshavanath et d. 1994;
Beveridge et d. 1993; Tencdlaet d. 1994; Bury et d. 1995). Severd instances of fish kills resulting
from cyanobacteriad blooms aso have been documented (Erickson et a. 1986; Pendozaet d. 1990,
Rabergh et d. 1991). These sudiesindicate avariety of negeative effects, including inhibition of filtering
rate, liver damage, disturbed ionic regulation, behavioral changes and mortdity. However, these studies
addressed the potentia damage from the standpoint of toxin concentrations, not actual cell densities of
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the phytoplankton speciesitself. Therefore, it was not possible to deduce a specific quantitative
chlorophyll a threshold whereby fish can be assessed as being negatively affected by blooms of
Microcystis aeruginosa.

Two laboratory studies were chosen to determine the threshold at which a negative impact on the
zooplankton community occurs—an impact in which the zooplankton community structure is atered by
the poor food quality, large particle Sze of the colonies, increased dengity of particlesin the water
column or directly by thetoxin. Lampert (1981) conducted a laboratory feeding study in which
densities as low as 1,400 cells milliliter® of Microcystis aeruginosa resulted in the feeding inhibition of
zooplankton. Similarly, Fulton and Paerl (1987) conducted grazing experiments in which the inhibitory
threshold of Microcystis aeruginosa ranged from 10,000-100,000 cells milliliter?, but was most
clearly demongtrated at concentrations of 100,000 cells milliliter?. Since there is a difference of two
orders of magnitudes between the two studies, an intermediate concentration of 10,000 cdlls milliliter®
was chosen for exhibiting an inhibitory effect on zooplankton feeding.

The threshold of 10,000 cells milliliter? used in this andysis was based not only on a mid-range density
between the two studies but also on a dengity thet is derived from bloom conditions in the Chesgpeske
Bay. Therange of dengties (for composite surface mixed-layer samples, note that surface samples
would be sgnificantly higher) in the tidal-fresh Potomac River, where the most extensive blooms of
Microcystis aeruginosa occur, has been 0 - 65,000 cdlls milliliter® between 1985 and 2002. During
10 of the 54 summer months (July-September) during this period, mean dengties of Microcystis
aeruginosa exceeded 10,000 cdlls milliliter®. In addition, when Microcystis aeruginosa was present,
10 of the 33 months were characterized by densities > 10,000 cdlls milliliter. Therefore, the density of
10,000 cdls milliliter?, which was chosen as a mid-range of the two studies and examined effects on
grazers, is within the range of dendties estimated for the Potomac River during the summer *bloom’
period. Fulton and Paerl (1987) stated that 100,000 cells milliliter® was within the realm of bloom
conditions for their sudy Site, the Neuse River in North Caroling, but their sampling of the bloom was
from the surface of the water column rather than a composite of five depths in the surface mixed layer.
Therefore, the vaue of 10,000 cells milliliter* was chosen based on the evidence of inhibition of
zooplankton grazing as well asfor practica consderations related to bloom conditions and sampling
methods for the Potomac River.

Prorocentrum minimum Effects Threshold

Certain srainsof Prorocentrum minimum aretoxic. In Japan in 1942, Prorocentrum minimum was
attributed as the cause of a shdllfish poisoning in Japan in which 114 people died (Nagazima 1965,
1968). Prorocentrum minimum isolated from a 1998 bloom in the Choptank River and subsequently
grown in the laboratory was found toxic to scalops (Wickfors, personal communication). Blooms of
Prorocentrum minimum in the source intake water to Virginiaand Maryland oyster hatcheries were
suspected to have caused oyster larvae mortdity at the two hatcheries in 1998 (L uckenbach and
Merritt, persond communication). There has been no documented case of shdlfish toxicity or mortality
as aresult of the 1998 Prorocentrum minimum bloom in the Chesgpeske Bay, but clearly the
potentia exigs for toxic repercussons to shdlfish and other organiams as aresult of this bloom.
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Embryonic development of the Eastern oyster (Crassostrea virginica) was not affected by living cdlls
or extracts of Prorocentrum minimum, however, larvae showed poor growth and poor devel opment
of the digestive system when fed Prorocentrum minimum (approximately 4000 cells milliliter™)
(Wickfors and Smolowitz 1995). Juvenile oysters adapted to digesting Prorocentrum minimum, but
only after atwo-week period. The study concludes that feeding Prorocentrum minimum to oyster
larvae resulted in clear detrimentdl effects, but it was not gpparent whether the effects were from
toxicity or starvation. In addition, it was concluded that some component of the Prorocentrum
minimum cell interfered with cellular digestive processesin oyster larvae and spat.

The Wickfors and Smolowitz (1995) study aso showed detrimenta effects of various diets containing
different proportions of Prorocentrum minimum to oyster larvae and newly set spat. Thelarvae
showed congstently poorer surviva and growth in the different experimenta diets and only those fed
the diet with no Prorocentrum minimum or one-third the maximum concentration developed into
pedi-veligers and s&t. Both life stages showed difficulties in the digestive system after Prorocentrum
minimum became amgor component of their diet. The study concludes that Prorocentrum
minimum blooms impaired the surviva, growth and development of oyster larvae. That the study did
not reved whether the cause of these detrimenta effects was toxicity or sarvetion isimportant to the
derivation of chlorophyll acriteria. The highest density used in the study was 3900 cdlls miilliliter® and
detrimenta effects were seen a dendties of ~ 2600 cdlls milliliter in amixed diet. The study is,
however, ussful in establishing that 1) Prorocentrum minimum is detrimentd to oyster life sages and
2) specific dendties of cdls cause imparment.

Another laboratory study indicated more intense imparment of Eastern oyster life stages when they
were subjected to bloom concentrations of Prorocentrum minimum (Luckenbach et a. 1993).
Growth rates were minimd a cdll densities of 3000 cdlls milliliter?, as an inverse relationship was
documented between grazing rate and cell dengity. Ultimately, mortdity resulted for 43 percent of the
juvenile oysters that were subjected to this same dengity of Prorocentrum minimum cells.

The 1993 L uckenbach study was designed to test the effects of Prorocentrum minimum on the
growth and surviva of the Eastern oyster. The momentum for this sudy came from observations over
many years made a the Virginia Indtitute of Marine Science oyster hatchery over many years on the
impact of dinoflagellate blooms on the oyster populationsin the hatchery. These observations are
unpublished but gill noteworthy. They include the observation that adult oysters do not spawn in the
presence of bloom densities of Prorocentrum minimum and that early larval development isimpaired
and high mortdities occur in the presence of high dengties of this dinoflagdlate. The study used
densities between 8,900-25,000 cdlls milliliter for the 100 percent bloom density and 2,964-8,250
odIs milliliter® for a 33 percent bloom density. Mortdities of 100 percent for juvenile oysters took
place in the 100 percent bloom diet, while 43 percent mortality was observed in the 33 percent bloom
diet.

The density of 3,000 cdls milliliter that was chosen as athreshold for the chlorophyll a criteria andysis
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is based on the results of these two studies, whereby detrimental effects were documented at cell
dengities of 2,600 cdls milliliter® in one study and 2,964-8,250 cdlls milliliter® in the other studly.
Nether sudy was amed specificaly a determining the threshold of impairment for Prorocentrum
minimum, but impairment took place in both studies at a bloom density of around 3,000 cdlls milliliter™.
The fact that two different strains of Prorocentrum minimum were used in the two studies and
negative effects occurred a avery smilar density, gives credence to using 3,000 cdlls millilite* as a
threshold for impairment.

Cochlodinium heterolobatum Effects Threshold

This species forms intense blooms in warm months a the mouth of the Y ork River and in the lower
Chesapeake Bay (Mackiernan 1968; Zubkoff and Warriner 1975; Zubkoff et d. 1979; Marshall
1995). Laboratory studies indicated a threshold concentration of ~ 500 cells milliliter whereby
cacium uptake was depressed and mortdity of larvae was sgnificantly eevated (Ho and Zubkoff
1979). Above densities of ~ 1000 cdlls milliliter?, calcium uptake was negligible and mortdity
extremely high. Mortality was attributed to * spatiad competition’ rather than a ‘toxic secretion’
(athough this chain-forming dinoflagellate produces copious amounts of mucilage; Lacouture, in
interview). The dengties of this organism during bloom conditions far exceeds these values and the
extent of these densities can cover tens of square miles (Mackiernan 1968; Zubkoff et a. 1979;
Marshall 1995).
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